Abstract. Detailed magnetic analyses of samples from the
Introduction
Climatic instability during the last interglacial period has become a subject of great debate since contradictory results were obtained from two ice cores in Greenland [Dansgaard et al., 1993; Grootes et al., 1993] . This debate has attracted considerable international attention because climate records for the last interglacial period have fundamental importance for our understanding of current climate trends. Up to now, the debate has been based mostly on climatic records from the North Atlantic and peripheral areas [Thouveny et Bulk magnetic susceptibility has proven to be a relatively precise proxy of summer monsoon strength in the central Copyright 1999 by the American Geophysical Union.
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Loess Plateau [Liu, 1985] , but has yielded more problematic results in other loess areas [e.g., Oches and Banerjee, 1996; Grimley et al., 1998 ]. Magnetic susceptibility in 1oess and paleosols is largely a function of the type, concentration and grain size of ferrimagnetic minerals. The susceptibility contributions of paramagnetic and diamagnetic minerals are relatively minor in most of these sediments, but they become important when ferrimagnetic concentrations are low. The response of susceptibility to climate variations is the sum of the separate responses of these diverse mineralogies, and it may therefore be rather complex.
A more selective proxy is the abundance of ultrafine superparamagnetic (SP; < 0.03 gm for magnetite [Dunlop, 1973] We have carried out a detailed study of the variation in concentration of SP grains for the last-interglacial S I paleosol complex in the Jiuzhoutai well 1oess section in Lanzhou (36øN and 103ø50'E), on the western Chinese Loess Plateau.
As we will show, the results allow us to resolve a millennialscale summer monsoon history for the last interglacial period.
Geology and Sampling
Lanzhou is located at the northwestern front of summer monsoon circulation. This front encompasses a strong gradient between warm, humid air masses over the Pacific and Indian Oceans, and cold, dry air masses centered on Siberia and West Mongolia. Thus, modem precipitation, vegetation and soil biological activity in Lanzhou are very sensitive to any summer monsoonal circulation changes. Furthermore, the Jiuzhoutai section is the highest-resolution 1oess record in the world, containing the greatest total accu- 
Magnetic Measurements
The purpose of our detailed magnetic studies was to isolate the contributions of different magnetic minerals and different size fractions to the room-temperature low-field susceptibility signal in the Jiuzhoutai section. In particular, we aimed to quantify the ultrafine SP fraction of magnetite and maghemite grains, which have been linked by previous studies to pedogenie processes.
Low-temperature magnetic measurements are the most definitive means of quantifying the concentration of magnetic grains that are SP at room temperature . A low-temperature saturation isothermal remanent magnetization (SIRM) will be partially thermally demagnetized warming in zero field. The unblocking temperature spectrum is closely related to the distribution of particle sizes in the SP fraction, and the total remanence loss by thermal unblocking is a direct measure of the total mass of SP material present Maghemite may contribute both to the SP fraction that unblocks on warming to 300 K and to the stable fraction that survives at room temperature . For our purposes, it is not important how the SP fraction is partitioned into magnetite and maghemite contributions; we assume that SP particles of both species result from pedogenesis [Verosub, 1994] , and therefore the total SP fraction represents the signal of soil formation. We also assume that enough of the fine SP fraction survives to preserve this signal. (Fig. 2b) . The 1ow-SP interval spans approximately 3.5 ka, with a central age of ca. 123 ka. This feature is also clearly visible in both volume-and mass-specific magnetic susceptibilities (Fig. 2a) . A smaller decrease of shorter duration (V2) can be observed in the SP concentration in the upper part of S l-c (Fig. 2) . This drop, though less dramatic than V4, represents a significant change in the pedogenic signal. It is not seen in the susceptibility, which exhibits a continuous broad maximum over the same interval. The source of the enhanced susceptibility here is not yet understood; all three of the lowtemperature remanence components are somewhat diminished in V2 samples. The sharp minimum in SP concentration argues against the conventional picture of pedogenic susceptibility enhancement in this interval.
Summer monsoon changes suggested by SP grains
The two d.rops V2 and V4 divide the S l-c record into three peaks (P1, P3 and P5), two of which are characterized by a rapid initial increase at the base and a more gradual upward decline (Fig. 2c) . Peak 5 is the most striking of these. The three peaks have durations of about 1-3 ka, with central ages estimated at ca. 1 15, 120 and 127 ka, respectively. These variations in SP content suggest that the summer monsoon during 5e underwent several large changes: an enhancement at the transition from the penultimate glaciation (MIS 6) to the last interglacial stage (MIS 5), with its warmest climate at about 127 ka; a gradual weakening of the summer monsoon and/or a temperature drop to a nearly glacial level at about 120 ka; and at least one more similar cycle of increase and subsequent decrease of monsoon leading into substage 5d (Fig. 2) . This indicates that the Asian summer monsoon has an unstable nature, even on a millennial scale. The inferred pattern bears a strong resemblance to the record of Eemian climatic instability (5el-5e5) in the Greenland GRIP ice core [GRIP, 1993] (Fig. 2c) 
